Background: Conventionally, elderly hip fracture patients are assessed by orthopedists to decide whether they need geriatric intervention. We aimed to evaluate the effect of perioperative geriatric intervention on healthcare outcomes in patients undergoing surgery for hip fractures. Methods: Our care model for hip fracture surgery resembles a combination of a routine geriatric consultation model and a geriatric ward model. We retrospectively reviewed the medical records of patients aged ≥65 years undergoing surgery for hip fracture at a single tertiary hospital from January 2010 to December 2013. We assessed comorbidity, indwelling status, fracture type, and mode of anesthesia. We also evaluated in-hospital expenditure, duration of admission, disposition at discharge and 1-year mortality as clinical outcomes. We developed a propensity score model using the variables of age, cholesterol, and creatinine and examined the effect of perioperative geriatric intervention on intergroup differences of clinical variables. Results: Among 639 patients, 138 patients received the geriatric intervention and 501 patients received the usual care. Univariate analysis showed that factors such as age; Charlson comorbidity index; and serum levels of cholesterol, albumin, and creatinine differed significantly between these 2 groups. There was no significant difference between the groups in terms of 1-year mortality, disposition at discharge, and in-hospital expenditure in the propensity matched model. However, the duration of hospitalization was shorter in the intervention group (8.9±0.8 days) than in the usual care group (14.2±3.7 days, p=0.006). Conclusion: This care model of geriatric intervention for patients with hip fracture is associated with reduced hospitalization duration.
INTRODUCTION
Hip fracture is one of the most common reasons for Emergency Department visits in the elderly. With the increasing life span, the number of elderly people undergoing hip fracture surgery has increased, since the rate of hip fracture grows exponentially with age 1) , with approximately 90% of hip fractures occurring above 65 years of age 2) . There have been several well-designed studies showing a close association between hip fracture and substantial mortality, morbidity, nursing home stays, and socio-economic burden [3] [4] [5] [6] [7] [8] . In spite of considerable medical and technological improvements, hip surgery still results in high morbidity and mortality rates [9] [10] [11] . The importance of a multidisciplinary team approach for improving the outcomes for elderly patients undergoing hip fracture surgery has been emphasized, and standardized management protocols have been proposed. Several care models for the management of hip fracture have been designed, and such team approaches have been shown to be beneficial for the management of some issues [12] [13] [14] [15] [16] [17] .
Moreover, the National Institute for Health and Care Excellence clinical guidelines recommend ortho-geriatric assessment at admission as a first step for patients with hip fracture. In spite of its clinical benefit, organizing an orthopedicgeriatric hip surgery unit is not easy for many institutions, because interdisciplinary team approaches might not only increase medical costs for patients, but also require cooperation between different health care professionals, such as orthopedic surgeons, geriatricians, and allied specialists. For these reasons, the usual clinical practice with older patients with hip fractures is for them to be assessed by the orthopedic Fig. 1 . Initial steps in the management of hip fracture patients in the Emergency Department. The decision regarding whether a geriatrician is needed is completely dependent on the orthope dists' assessment of the patient's medical condition.
team to decide whether geriatric intervention is required.
Our hypothesis was that perioperative geriatric intervention, the need for which is currently determined by the orthopedist, would be clinically beneficial compared to the usual care model managed by orthopedists without including geriatricians. We therefore aimed to evaluate the impact of perioperative geriatric intervention at the request of the orthopedist on healthcare outcomes in patients undergoing surgery for hip fracture.
MATERIALS AND METHODS

Study Design
This study was a retrospective observational study. We reviewed the medical records of patients over 65 years of age with hip fracture who underwent surgical treatment at a Asan Medical Center from January 2010 to December 2013. Hip fractures were limited to the femur neck and intertrochanteric fractures. Other hip fractures, including distal hip fracture, high-energy hip fracture, pathologic fracture, nontraumatic fracture such as avascular necrosis of the femoral head, and hip fractures with concurrent skeletal fracture, including Colles' fracture, were excluded.
1) Ortho-geriatric care model
Since 2009, this hospital has a geriatric care center that has employed a multidisciplinary approach to helping in the perioperative management of elderly patients, including consultations and transfers from the emergency room to the admission ward. When a patient visits the Emergency Department with a hip fracture, they are first examined by orthopedic doctors who decide whether geriatric intervention is required or not. All patients aged ≥65 years with ≥2 comorbidities were referred to a geriatric physician. After comprehensive evaluation by a geriatrician, hospital admission and the need for further geriatric intervention were determined at the decision of the geriatrician. Fig. 1 illustrates the medical care process in the Emergency Department.
2) Definition of geriatric intervention
Comprehensive geriatric assessment was conducted for all patients referred to geriatricians, which served as a multidimensional interdisciplinary diagnostic process to determine the medical, psychological, and functional abilities of elderly people 18) . Based on the results of the comprehensive geriatric assessment, the geriatrician determined whether the patient would require geriatric intervention. Patients who were determined to require geriatric intervention were admitted to the geriatric or orthopedic ward and received continuous geriatric intervention. Geriatric intervention consists of the following: initial screening and risk management for physical status, nutritional status, cognitive function, and mood status; prevention of malnutrition, polypharmacy, incontinence, and falls; rehabilitation in the geriatric ward; and discharge planning including a long-term care plan. Other patients in the usual care group were hospitalized in the Department of Orthopedic Surgery. There were no differences between the geriatric intervention group and the usual care group with respect to ordinary perioperative care except for geriatric intervention. Patients admitted to departments other than geriatrics or orthopedic surgery were excluded.
Study Subjects and Baseline Characteristics
The records of a total of 639 patients aged ≥65 years who underwent surgery for hip fracture were examined. We evaluated baseline characteristics including age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) physical status classification, Charlson comorbidity index (CCI), and surgical factors including fracture type and mode of anesthesia. The ASA physical status classification is commonly used to subjectively estimate preoperative health status 19) , and the CCI evaluates the impact of chronic comorbid medical illnesses on independent functioning; high scores reflect a high number or degree of seriousness of coexisting diseases 20) .
We also recorded hemoglobin level, leukocyte count, serum albumin, cholesterol, and creatinine level.
Outcome Measures
The primary objective was to assess the clinical benefit of perioperative intervention by geriatricians in elderly hip fracture patients undergoing surgery. Outcomes were com- posites of hospital expenditure, duration of admission, patient disposition, and 1-year mortality. We defined 1-year survival as the time from surgery to death within 1 year from any cause. We also evaluated disposition at discharge by identifying the place of residence before and after surgery, such as home, nursing facility, rehabilitation center, general hospital, and death.
Statistical Analysis
We used propensity score matching to reduce selection bias by matching the subjects in the 2 groups on the basis of their propensity scores, rather than directly comparing individual covariates. We derived the probabilities for receiving geriatric intervention, or propensity scores, using a logistic regression model based on potentially confounding variables: age, sex, fracture site, BMI, ASA physical status classification, CCI, hemoglobin, leukocyte count, serum albumin level, creatinine level, and cholesterol level. First, we performed univariate analyses comparing characteristics between the geriatric intervention group and usual care group (Table 1) . We found that age, CCI, and serum levels of cholesterol, albumin, and creatinine were significantly different between the groups. Finally, after propensity score matching with age, cholesterol level, and creatinine level, the intergroup differences were attenuated.
We compared patients' baseline characteristics in the raw sample via t-tests or chi-square tests as appropriate. In the matched cohort, we used paired t-tests, chi-square tests, Kaplan-Meier survival analyses, independent and paired sample log-rank tests, and Cox proportional hazards models to examine hospital expenditure, duration of admission, hospital Fig. 2 . Kaplan-Meier survival plots (time until death with number of evaluated patients) for the propensity matched geriatric intervention and usual care groups. discharge and 1-year mortality, respectively. All analyses were carried out using PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA).
This study was approved by the institutional review board of the Asan Medical Center, Seoul, Korea (approval number: 2013-0944).
RESULTS
Patient Population
We identified 639 patients who underwent hip surgery after initial screening; 501 received the usual care and 138 received geriatric intervention. The clinical characteristics of these groups are shown in Table 1 . In the univariate analysis, patients in the geriatric intervention group were older, and had a higher mean CCI (2.46 vs. 3.41, p<0.001). These patients also had lower serum albumin (3.42 g/dL vs. 3.29 g/dL, p=0.002) and serum cholesterol (158.04 mg/dL vs. 142.96 mg/dL, p<0.001) levels.
The propensity matched groups consisted of 138 patients each, matched on the basis of the available variables, with a resulting c-index of 0.826. There were no significant differences between their characteristics. Table 2 shows the results of the matched model. With regard to postoperative all-cause, 1-year mortality, there were 40 deaths in the usual care group and 31 in the geriatric intervention group (29.0% vs. 22.5%, p=0.216). The following factors were significantly associated with mortality in the propensity matched model: age >85 years (93 patients; 17.8% in the usual care group vs. 37.5% in the intervention group, p=0.034), albumin level <3.0 g/dL (65 patients; 50.0% in the usual care group vs. 24.1% in intervention group, p=0.033), and CCI of ≥3 points (150 patients; 39.1% in the usual care group vs. 21.0% in the intervention group, p=0.015). Fig. 2 presents the 1-year survival curves obtained using the Kaplan-Meier method. Moreover, 30-day mortality and in-hospital mortality were not significantly different.
Mortality
Morbidities and Other Measurements
There were no significant differences in discharge disposition (94 In a subgroup analysis of duration of hospitalization, age >75 years (228 patients; 15.6 days of usual care group vs. 9.5 days of intervention group, p=0.034), and CCI of ≥3 points (150 patients; 17.1 days of usual care group vs. 8.8 days of intervention group, p=0.015) were significantly different in the same model.
DISCUSSION
The incidence of the hip fracture has been rapidly increasing with the growth of the senior population. Worldwide hip fracture rates are expected to increase to approximately 21 million per year by 2050 21) . Hip fractures usually require surgical treatment, and older people are usually high-risk candidates for major surgery because of their comorbidities and functional deficits. Previous studies have shown that the 1-year mortality rate for hip fracture in the elderly ranges from 20% to 30% 22, 23) . Approximately 15% of the patients die within 6 months and 20% within 1 year, which is about 3.5 fold higher than the corresponding figures for the general population 24) . Moreover, the mortality rate increases much more if the patient already has medical comorbidities or suffers postoperative complications. Twenty-five percent of elderly individuals who were independent before fracture remained in nursing homes for more than 1 year, and 60% required assistance for one or more activities of daily living 6, 25) .
In recent decades, physicians have sought to reverse these poor outcomes of hip surgery. In many studies, functional deficits before hip surgery have been shown to be important risk factors in older patients, as well as geriatric syndromes, which can lead to postoperative delirium 26) . As residual function declines with physiologic age and deficits accumulate, there is increased need for geriatric medicine, which aims to improve the functioning and well-being of older persons 21) . Therefore, multidimensional geriatric intervention during the perioperative period aims not only to provide acute medical treatment but also to restore function after the event has occurred 27) .
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There are several models for geriatric participation in perioperative care of the elderly undergoing hip surgery. Geriatric participation falls into 3 categories: routine geriatric consultation, assignment of the patients to a geriatric ward with orthopedic consultation, and shared care 27) . According to a recent meta-analysis of the benefits of ortho-geriatric services, geriatric collaboration in general improves outcomes for older patients, and is associated with a significant reduction of in-hospital and long-term mortality 26, 28) . In terms of the individual models, several studies of the geriatric consultation model within orthopedic wards, which is the older and more traditional form, showed a reduced length of stay and much reduced mortality. It is difficult to judge the benefits of the geriatric ward model because of the small number of relevant published reports. The shared model, the later and more advanced model, yields a significant improvement in length of stay.
However, each center analyzed in the meta-analysis has a different health care system, which means each model is slightly different from the others. In addition, the advanced shared care model requires more geriatricians and facilities, which is expected to increase medical costs. To the best of our knowledge, a cost-effectiveness study of the shared care model has not been conducted in Korea. In reality, the number of geriatricians is limited, and geriatric evaluation usually needs a lot of time. We also do not know whether the orthogeriatric shared care unit is economically advantageous. After all, owing to the nature of the hospital-specific health care system and the expected additional medical costs, it is not easy to create a collaborative unit of orthopedists and geriatricians dedicated to elderly patients undergoing hip surgery.
Our transitional care model for hip fracture surgery resembles a combination of the routine geriatric consultation model and the geriatric ward model. The purpose of this study was to evaluate the clinical benefits of geriatric intervention in our new perioperative care model, which begins with the orthopedist's decision to collaborate with geriatricians. To overcome the limitation of a retrospective study, we applied clear standards for hip surgery and geriatric intervention. Although only a limited number of patients were analyzed, there was a significant benefit in terms of length of hospital stay. Hospital expenditure and time to surgery also seemed to improve, but these effects did not reach statistical significance.
Even though we failed to show a significant effect on mortality in our care model of hip fracture, factors like age over 85 years, albumin level less than 3.0, and CCI of 3 or more were significantly associated with mortality in the propensity matched model. Furthermore, duration of hospitalization, age over 75 years, and CCI of 3 or more points were significantly different in the same model in a subgroup analysis. Considering that comorbidity and albumin level are important indicators of frailty in the elderly 29) , our results support the view that frailty is closely associated with poor outcomes after hip surgery.
Compared with the shared model, our care model for hip surgery has considerable merits. First, it is flexible and applicable to medical centers regardless of their circumstances and departmental structure. It is also beneficial in terms of management costs: fewer human resources and facilities are needed than in the shared model and it does not require any change in the current rigid insurance system. Finally, we found that the orthopedist-oriented decision to collaborate with geriatricians did reduce length of hospital stay.
In conclusion, the findings of this retrospective review show that geriatric intervention for patients with hip fractures is associated with decreased duration of hospitalization compared to usual care. To identify the best model for geriatric collaboration in hip surgery and to clarify the effectiveness of geriatric intervention, future studies should consider the economic aspects and functional benefits of each model including effects on quality of life.
